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RADIO FREQUENCY SIGNAL DIRECTION 
FINDING APPARATUS 

CROSS-REFERENCE TO RELATED CASES 
This is a continuation of application Ser. No. 318,493 

(now abandoned) filed Nov. 5, 1981 which is a continu 
ation of application Ser. No. 106,117 filed Dec. 21, 1979, 
now abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates generally to radio frequency 

signal direction finding apparatus and more particularly 
to types of such apparatus which measure the phase 
differences between received radio frequency signals 
having frequencies over a wide band of frequencies and 
having relatively short time durations. 
As is known in the art, interferometer antenna signals 

have been used to provide accurate direction finding 
wherein a pair of antennas, spatially displaced a prede 
termined distance, receive signals with phase differ 
ences related to the predetermined distance of separa 
tion, the frequency of the received signals and the angu 
lar direction of the source of such received signals. 
Such systems have been suggested in U.S. Pat. No. 
3,221,251 and U.S. Pat. No. 3,611,135. In order to pro 
vide amplification to the received radio frequency sig 
nals a pair of traveling wave tube (TWT) amplifiers is 
coupled to the pair of antennas. With such arrangement 
it is necessary that the phase shifts provided by the 
TWT amplifiers be proprely balanced or matched over 
a wide range of operating frequencies and signal 
strengths in order to obtain a proper measure of the 
phase shift between the received signals and hence a 
proper determination of the angular direction of the 
source of the radio frequency signal. 

In a known system one of the pair of antennas is fed 
to a phase modulation section made up of plurality of 
switched delay lines. The output of the phase modula 
tion section is a phase modulated signal which, when 
combined with the signal received at the other one of 
the pair of antennas, provides a composite, amplitude 
modulated signal. The composite amplitude modulated 
signal is then amplified in a radio frequency amplifier. 
The amplified signal is then compared with the phase 
modulating signal fed to the phase modulation section 
which is used to switch the delay lines to provide an 
output signal indicating the phase difference between 
the signals received by the pair of antennas and hence 
an indication of the direction of the received signals. 
While such technique may be useful in many applica 
tions, such technique has a relatively narrow operating 
bandwidth. 

SUMMARY OF THE INVENTION 
In accordance with the present invention a system is 

provided for determining the difference in phase be 
tween a pair of radio frequency signals. The first one of 
the pair of radio frequency signals is passed to a first 
hybrid junction to provide a pair of quadrature signals. 
The quadrature signals are fed to a switch which, in 
response to a square wave signal, alternately couples 
each one of the pair of quadrature signals to an output of 
such switch. The output of the switch is fed to a first 
input of a second hybrid junction. The second one of 
the pair of radio frequency signals is fed to a second 
input of the second hybrid junction. The second hybrid 
junction has a pair of output terminals, one of which 
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provides a signal representative of the sum of the signals 
fed to the pair of inputs of such second hybrid junction 
and the other output terminal provides a signal repre 
sentative of the difference between the signals fed to the 
pair of inputs to such second hybrid junction. The pair 
of output terminals of the second hybrid junction is fed 
to a second switch, which, in response to a square wave 
signal having a fundamental frequency component half 
that of the square wave signal fed to the first-mentioned 
Switch, produces a composite radio frequency signal. 
The composite radio frequency signal is amplified in a 
radio frequency amplifier and is then passed through a 
video detector to produce the third electrical signal 
having as a fundamental frequency component the fun 
damental frequency component of the square wave 
signal fed to the second switch. The third electrical 
signal and the square wave signal which is fed to the 
second switch are fed to a phase detector means for 
determining the difference in phase between the funda 
mental frequency components of such signals. 
The pair of hybrid junctions enables the phase of the 

first one of the pair of radio frequency signals to period 
ically change at /2 radians each quarter cycle of the 
square wave signal. This periodically 7t/2 radian phase 
changed signal is added to the second one of the radio 
frequency signals to form a composite radio frequency 
signal which is fed to the radio frequency amplifier. The 
use of a pair of hybridjunctions increases the operating 
bandwidth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of this invention, as well as 
the invention itself, may be more fully understood from 
the following detailed description read together with 
the accompanying drawings, in which: 

FIG. 1 is a block diagram of a radio frequency signal 
direction finding system according to the invention; 
FIGS. 2A-2D are timing diagrams useful in under 

standing the operation of the direction finding system of 
FIG. 1; 
FIGS. 3A-3B are diagrams useful in understanding 

the operation of the direction finding system of FIG. 1 
when signals received by a pair of antennas in such 
system are in phase with each other; and 
FIGS. 4A-4B are diagrams useful in understanding 

the operation of the direction finding system of FIG. 1 
when signals received by the pair of antennas in such 
system are 90' of phase with each other. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, a radio frequency signal 
direction finding apparatus 10 is shown. Such apparatus 
10 includes two pairs of antennas 13, 14 and 12, 14. The 
radio frequency antennas 13, 14 in one of the pairs are 
separated by a predetermined distance D1 as shown. 
The antennas 12, 14 in the other one of the pairs are 
separated by a predetermined distance D1+D2 = D3, as 
shown. It follows then that radio frequency energy 
received by the first one of such pairs of antennas 13, 14 
from a source at an angle of arrival or will have a phase 
difference 61, equal to (27TP1 cosa) /A, where A is the 
wavelength of the received signals. The radio fre 
quency signals received by the second pair of antennas 
12, 14 from the source will have a phase difference 02 
equal to (27TD 3 cosa)/N. Considering first the signals 
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received by the antennas 13, 14 such signals may be 
represented respectively as 6: 

E13 = A cos (2 Tift-61) (1) 

and 

E4=A cos (2 ft) 

respectively, where f is the frequency of the received 
signal (i.e. f= c/A, where c is the speed of light). 
The signals produced at the output of antenna 14 is 

fed to a 90° hybrid junction 20. Such hybrid junction 20 
is of any conventional signal having a pair of output 
terminals 22, 24, as shown. The signals produced at the 
output terminals 20, 24 may be represented as: 

and, 

respectively. The signals produced at the output termi 
nals 22, 24 (E22, E24, respectively) are fed to a radio 
frequency switch 26, as shown. Also fed to such switch 
26 is a switching signal produced by a conventional 
square wave generator 28, as shown. Here the square 
wave generator 28 produces a train of pulses at a 60 
MHz rate, as shown in FIG. 2A. When the signal pro 
duced by generator 28 is "low' (i.e. logical 0), switch 26 
electrically couples the signal at output terminal 22 of 
hybridjunction 20, (i.e. E22) to the output terminal 32 of 
switch 26 and when the signal produced by generator 
28 is "high" (i.e. logical 1) switch 26 electrically couples 
the signal at output terminal 24 of hybrid junction 20 
(i.e. E24) to output terminal 32 as shown in FIGS. 2A 
and 2B. 
The signals produced at the outputs of antennas 12, 13 

are fed to a switch 39, as shown. Switch 39 operates at 
a substantially lower rate that the 60 MHz operating 
rate of switch 26, typically set a rate of several KHz. In 
this way system 10 is able to operate with antenna spac 
ings D1 and D3 greater than A/2 as where high accuracy 
direction finding is desired. It is noted that, as will be 
described hereinafter, system 10 determines the phase 
angle 61, between the signals received by antennas 13, 
14 where the switch 39 is in a first state and determines 
the phase angle 02 of the signals received by antennas 
12, 14 when the switch 39 is in a second state, as will be 
described hereinafter. Thus, first considering the case 
when the switch 39 is in the first state, antenna 13 is 
coupled through switch 39 to a 180° hybridjunction 44, 
as shown. The signal produced at the output terminal 32 
(i.e. either E22 or E24) of switch 26 is also fed to hybrid 
junction 44, as shown. Hybrid junction 44 has a pair of 
output terminals 36, 38 as shown. The output signal 
produced at output terminal 36 may be represented as 
the sum of the signals fed to hybrid junction 44 and the 
output signal produced at output terminal 38 may be 
represented as the difference of the signals fed to hybrid 
junction 44. That is, when the signal produced by 
square wave generator 28 is low so that E22 is coupled 
to output terminal 32, the signals produced at the output 
terminal 36 may be represented as (E13-- E22)as the 
signal produced at the output terminal 38 may be repre 
sented as (E13-E22). Alternatively, when the signal 
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4 
produced by the square wave ggenerator 28 is high so 
that the E24 is produced at output terminal 32, the signal 
produced at the output terminal 36 may be represented 
as E13--E24 and the signal produced at output terminal 
38 may be represented as E13-E24. 
The signals produced at the output terminals 36, 38 

are fed to a pair of input terminals 41, 43 of a second 
radio frequency switch 40, as shown. Also fed to switch 
40 is a signal produced by a flip/flop 45 coupled to the 
output of square wave generator 28 to divide the fre 
quency of the square wave generator 28 by 2 to thereby 
produce a square wave signal having a frequency of 
here 30 MHz, as shown in FIG. 2C. When the square 
wave signal fed to switch 40 is "high” (i.e. logical 1), the 
signal produced at output terminal 36 of hybridjunction 
44 is electrically coupled to output terminal 42 of switch 
40 and when the square wave signal fed to switch 40 is 
“low” (i.e. logical 0), the signal produced at output 
terminal 38 of hybridjunction 44 is electrically coupled 
to output terminal 42 of switch 40. It follows then that, 
as shown in FIGS. 2A-2D, when the square wave sig 
nal fed to switch 40 is "high' and the square wave 
signal fed to switch 26 is "low" the signal produced at 
output 42 of switch 40 may be represented as E13--E22. 
Then when the square wave signal fed to switch 26 goes 
high (the square wave signal fed to switch 40 remaining 
high) the signal produced at the output terminal 42 may 
be represented as E13--E24. Next, as the square wave 
signals fed to switch 26 and 40 both go low the signal 
produced at ouput terminal 42 may be represented as 
E13-E22. Completing the cycle, T, when the square 
wave signal fed to switch 26 goes high (while the square 
wave signal fed to switch 40 remains low) the signal 
produced at the output terminal 42 may be represented 
as E13-E24. In summary, a composite signal made up of 
the following sequence of signals E13 -- E22; E13--E24; 
E13-E22; E13-E24, as shown in FIG. 2D. 
The composite signal produced at output terminal 42 

is amplified in a radio frequency amplifier 46 as shown 
in FIG. 1. The signal is fed, inter alia, to a square law 
detector 48, as shown, and a small portion of such am 
plified signal is fed to a limiting amplifier 50, as shown, 
through a coupler 52, as shown. The output of the 
square law detector 48 is fed to a bandpass filter 56, here 
tuned to the fundamental frequency component of the 
square wave signal fed to switch 40, here tuned to a 
frequency of 30 MHz. Likewise, the square wave signal 
produced by flip/flop 45, which provides the square 
wave signal for switch 40 is fed to a bandpass filter 58, 
here also tuned to the fundamental frequency compo 
nent of the square wave signal fed to switch 40, i.e. here 
tuned to a frequency of 30 MHz. The signals produced 
at the outputs of bandpass filters 56, 58 are fed to a 
conventional phase detector 60, as shown. The output 
of phase detector 60 is a voltage representative of the 
phase difference 01, between the radio frequency signals 
received by the pair of antennas 13, 14. 

In order to provide an indication of the direction of 
the source of the received signal (i.e. the angle a) the 
output of the phase detector 60 is fed to a conventional 
analog to digital converter 62 to produce a digital word 
representative of the phase angle 61. A portion of the 
signal produced at the output of radio frequency ampli 
fier 46 is fed to a conventional digital instantaneous 
frequency measuring (IFM) unit 64 through the coupler 
52 and the limiting amplifier 50, as shown. The output 
of the digital IFM 64 thereby produces a digital word 



4,481,519 
5 

representative of the frequency f. of the received sig 
nals. The digital words produced by the digital IFM 64 
and analog to digital (A/D) converter 62 are fed to a 
conventional digital computer and display unit 66, as 
shown. 

In order to understand the operation of the radio 
frequency signal direction finding apparatus 10, and still 
considering the signals received by the pair of antennas 
13, 14, it might be helpful to consider the following 
examples: (1) the condition when the signals received 
by the pair of antennas 13, 14 are in phase (i.e. 01=0); 
and, (2) the condition when the signals received by the 
pair of antennas 13, 14 are 90° out of phase (i.e. 01=90). 
When the signals received by the pair of antennas 13, 14 
are in phase (i.e. 61=0), the signal produced at the 
output of antenna 13 may be represented by: A cos 271?t 
and the signal produced at the output of antenna 14 may 
be represented by: A cos 211 ft. The sequence of signals 
produced at output terminal 42 (i.e. the composite sig 
nal) may be represented as (referring also to FIG. 2D): 

Acos (27 ft) - (cos (271 ft)/ \ )); 

and 

Acos (271 ft) - (sin (271 ft)/ \ ) 

The composite signal is amplified in R.F. amplifier 42, 
here by again V2K, and the major portion of the power 
of the amplified signal is passed to square law detector 
48 which provides an output signal representative of the 
square of the composite phasor fed to it. That is, refer 
ring to FIG. 3A, during the first quarter cycle of the 
period T of the square wave signal fed to switch 40 
(shown in FIG. 3B), the output of the square law detec 
tor 48 will be (neglecting higher order harmonies which 
are filtered), A2K2 (1-V2)2. Similarly, the output of 
detector 48, for the second, third and fourth quarters of 
the period T will be: 1.5A2K2; A2K2 (1–V2)2, and 
1.5A2K2, respectively, as shown. Referring to FIGS. 
3A and 3B it is noted that the signal produced at the 
output of detector 48 (FIG. 3A) has a fundamental 
frequency component shown by the dotted curve 75, 
such curve 75 being represented by: sin (27tt/T)-- it/4 
where T is the period of the square wave signal fed to 
switch 40. Further, the square wave signal fed to switch 
40, i.e. the output of flip/flop 45 (FIG. 3B) has a funda 
mental frequency component shown by the dotted 
curve 77, such curve being represented by sin (27tt/T)). 
That is, the fundamental frequency components of the 
square wave signal fed to switch 40 and the composite 
signal have a frequency here 30 MHz and have a fixed 
phase difference T/4 when the signals received at the 
pair of antennas 13, 14 are in phase, i.e. 61=0. 

Considering now the condition where the phase dif 
ference between the radio frequency signals received by 
the pair of antennas 13, 14 are 90 out of phase 
(61 = 90°), that is, where, the signal received by antenna 
13 may be represented as A cos (27Ift-90)=A sin 
20ft and the signal received by antenna 14 may be 
represented as A cos 271 ft. The composite signal pro 
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6 
duced at output terminal 42 may be represented as a 
sequence of four signals: 

Asin 271 ft -- (cos (271 ft)/ \ ); 

Asin 2nf. 1 + (sin (2n?.)/N2); 

and 

It follows then that, referring to FIG. 4A, the output of 
square law detector 48 is a periodic signal having an 
amplitude which, during the first, second, third and 
fourth quarters of each cycle of the switching square 
wave signal fed to switch 40 (FIG. 4A) is: 1.5A2K2; 
A2K2 (V2--1)2; 1.5A2K2; and A2K2 (V2-1)2 respec 
tively. That is, the signal produced at the output of 
square law detector 48 has a fundamental frequency 
component represented by the dotted curve 75' in FIG. 
4A and such curve 75' may be represented by: sin 
(27tt/T - T/4)). Here again the square wave signal fed 
to switch 40, shown in FIG. 4B, has a fundamental 
frequency component represented by curve 77 in FIG. 
4B and such curve 77 may again be represented by: sin 
27tt/T. These fundamental frequency components are 
passed through bandpass filters 56, 58 to phase detector 
60. In response to the signals fed thereto the phase de 
tector 60 produces a voltage representative of the phase 
difference between such signals, here as voltage repre 
sentative of a phase difference of -t/4. That is, when 
the signals fed to the pair of antennas 13, 14 are 90° out 
of phase the phase difference between the fundamental 
frequency signal components of the signals fed to phase 
detector 60 is -77/4. A little thought will make it appar 
ent, therefore, that as the difference in phase of the 
signals fed to antennas 13, 14 change from 0 to 90 the 
difference in the phase between the signals fed to phase 
detector 60 change correspondingly from 90 from iT/4 
to - T/4. More particularly, the difference in the phase 
A6, of the signals fed to phase detector 60 may be repre 
sented as A61=(T/4-0), and 01 = T/4-A01. Conse 
quently, the difference in phase of the signals fed to 
phase detector 60 is related by the difference in phase 
between the signals received by the pair of antennas 13, 
14. The computer 66 thereby calculates the direction of 
the source of the radio frequency signals, a, in accor 
dance with the following equation: 

a=cos(0.1+2nt)c/(2nfD)) (5) 

where n is zero for D1s A/2 or an integer where 
D1). A/2. Since here the spacing D1 is greater than A/2 
to provide high accuracy direction finding the integer n 
must be determined. Thus, after the computer 66 has 
had sufficient time to determine 61, as described, a 
switching signal is fed by the computer 66 to switch 39 
to couple antenna 12 to hybrid junction 44 and to de 
couple antenna 13 from such hybrid junction. The pro 
cess repeats to enable the computer 66 to calculate the 
62. Thus since a from the equation is: 

(6) 
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The computer 66 then solves equations (5) and (6) 
simultaneously to yield a unique solution for n and thus 
C. 

Having described a preferred embodiment of this 
invention, it will now be apparent to one of skill in the 
art that many changes may be made without departing 
from the invention concepts. Thus, it is felt that this 
invention should not be restricted to its disclosed en 
bodiment, but rather should be limited only by the spirit 
and scope of the appended claims. 
What is claimed is: 
1. A system for determining the difference in phase 

between a pair of radio frequency signals comprising: 
(a) means, responsive to a periodic square wave signal 

having a fundamental frequency component, for 
periodically changing the phase of a first one of the 
pair of radio frequency signals n7T/2 radians, where 
n is an integer, each quarter cycle of the periodic 
square wave signal, such means including means 
for combining such periodically phase changing 
signal with a second one of the pair of radio fre 
quency signals to produce a composite radio fre 
quency signal; 

(b) means, responsive to the composite radio fre 
quency signal, for producing a detected electrical 
signal having as a fundamental frequency compo 
nent the fundamental frequency component of the 
periodic square wave signal, the relative phase 
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between the fundamental frequency component of 30 
the periodic signal and the fundamental frequency 
component of the detected electrical signal being 
related to the difference in phase between the pair 
of radio frequency signals; and 

(c) means, responsive to the periodic square wave 
signal and the detected electrical signal, for deter 
mining the relative phase difference between the 
fundamental frequency components of the periodic 
square wave signal and the detected electrical sig 
nal. 

2. The system recited in claim 1 including a radio 
frequency amplifier fed by the composite signal to am 
plify such composite electrical signal and couple such 
amplified signal to the determining means through the 
detected signal producing means. 

3. The system recited in claim 2 including a detector 
means disposed between the output of the radio fre 
quency amplifier and the determining means. 

4. A system for determining in phase between a pair 
of radio frequency signals, comprising: 

(a) means, responsive to a square wave signal having 
a fundamental frequency component f for alterna 
tively coupling, at a rate r1, a first one of such pair 
of radio frequency signals and a quadrature phase 
shifted component thereof to an output terminal; 

(b) means for producing a second pair of radio fre 
quency signals, one of such second pair of signals 
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8 
being the sum of the second one of the first men 
tioned pair of radio frequency signals and the signal 
coupled to the output terminal and a second one of 
such second pair of radio frequency signals being 
the difference between the second one of the first 
mentioned pair of radio frequency signals and the 
signal coupled to the output terminal; 

(c) means, responsive to a second square wave signal 
having a fundamental frequency f1/2, for alterna 
tively coupling, at a rate 2r 1, the first and second 
ones of the second pair of radio frequency signals 
to a second output terminal to form a composite 
signal at such second output terminal; 

(d) a radio frequency amplifier means, fed by the 
composite signal, to amplify such composite signal; 

(e) detector means fed by the amplified composite 
signal, for producing a detected signal having as a 
fundamental frequency component thereof the 
frequency f1/2, such amplified composite signal 
differing in phase from the second square wave 
signal an amount related to the difference in phase 
between the first mentioned pair of radio frequency 
signals; and 

(f) means for detecting the difference in phase be 
tween the fundamental frequency components of 
the detected signal and the second square wave 
signal to produce an indication of the difference in 
phase between the first mentioned pair of radio 
frequency signals. 

5. A system for determining the difference in phase 
between a pair of radio frequency signals having a fre 
quency within a predetermined instantaneous band 
width, comprising: 

(a) means, responsive to the pair of signals and a 
periodic signal having a fundamental frequency 
component, for changing the phase of a first one of 
the pair of radio frequency signals including means 
for combining such phase changing signal with a 
second one of the pair of radio frequency signals to 
produce a composite signal having the frequency 
of the pair of radio frequency signals within said 
predetermined instantaneous bandwidth; 

(b) means, fed by the composite signal for producing 
a third signal having as a fundamental frequency 
component the fundamental frequency component 
of the periodic signal, the relative phase between 
the fundamental frequency component of the peri 
odic signal and the fundamental frequency compo 
nent of the third signal being related to the differ 
ence in phase between the pair of radio frequency 
signals; and 

(c) means, responsive to the periodic signal and the 
third electrical signal, for determining the relative 
phase difference between the fundamental fre 
quency components of the periodic signal and the 
third electrical signal. 
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